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1．运用酶联免疫荧光原位杂交法（Catalyzed Reporter Deposition Fluorescent  


















































Originally, Archaea were believed to be restricted to extreme environments. 
However, this view has been changed dramatically in last two decades, since 
comprehensive studies have shown that archaea were widely distributed in the marine 
environments from surface waters to deep ocean. The marine Crenarchaeota group I 
(MGI) have been known to be the most ubiquitous and abundant Archaea in the 
global ocean biosphere and constitute a significant component of prokaryotic 
community, suggesting that they play an important role in the marine biogeochemical 
cycles. Although the ecological importance of Crenarchaeota is shown in deep ocean 
environment, few studies have focused on the planktonic crenarchaeota in the 
estuarial enviroenments (e.g. the Yangtze River estuary). Therefore we used 
molecular ecological techniques to investigate the abundance, genetic diversity, and 
ecological function of marine planktonic crenarchaeota in this environment. 
Firstly, we use Catalyzed Reporter Deposition Fluorescent in situ Hybridization 
to efficiently detect MGI in environmental samples in the three transects of the 
Yangtze River estuary. The results showed that Crenarchaeota distributed widely in 
the Yangtze River estuary. The abundance and relative abundance of MGI were low 
in the surface water and increased significantly with depth. Statistic analysis showed 
that the abundance and relative abundance of MGI were negatively correlated with 
temperature and positively correlated with salinity. 
 In addition, the community structures of Crenarchaeota were evaluated by 
Denaturing Gradient Gel Electrophoresis analysis of PCR amplified 16S rRNA gene 
fragments. The results demonstrated that the archaeal diversity is higher in estuarine 
regions than offshore area, indicating the influence of Changjiang Diluted Water. 
Phylogenetic analyses indicated that all archaeal 16S rRNA gene sequences obtained 
















Finally, we focus on the ecological function and the community structure of 
planktonic Crenarchaeota of different seasons. Clone libraries of crenarchaeal accA 
gene analysis indicated that accA gene were widespread in the Yangtze River estuary 
both in summer and winter. In the amino acid-based phylogenetic tree, sequences 
recovered from summer and winter fell into different clusters. This suggested that 
different marine Crenarchaeota may adapt for temperal variations of local 
environments in the Yangtze River estuary. The effects of Changjiang River discharge 
to the marine planktonic archaeal community were indicated by statistical analysis 
based on comparing the difference of community composition.  
In summary, the present study investigated crenarchaeal abundance and diversity, 
as well as the temporal variations of autotrophic Crenarchaeota community 
composition in the Yangtze River estuary and East China Sea. Planktonic 
Crenarchaeota are an important marine microbial group, and might have significant 
effects on biogeochemical cycles in the ecosystem of the Yangtze River estuary and 
East China Sea.  
 
 
Key words: the Yangtze River estuary and East China Sea; Crenarchaeota; 















第 1 章  绪论 
第 1 章 绪论 
1.1 海洋古菌的研究进展 
1.1.1 古菌 
20 世纪 70 年代末，Woese 等学者基于核糖体小亚基（16S rRNA）核酸序列
的系统发育关系，提出了原核生物由“真细菌”（Eubacteria）和“古细菌”





古菌（Archaea），并将所有生物重新划分为生命三域（Woese et al., 1990），包括




图 1-1 生命三域图（Nicholas Barton et al., 2007） 



















现的初生古菌（Korarchaeota）（Barns et al., 1996）以及营共生生活的纳米古菌
（Nanoarchaeota）（Huber et al., 2002; Huber et al., 2003），但随着 16S rRNA 基因
数据的不断积累，初生古菌和纳米古菌分别被重新归类为泉古菌和广古菌
（Robertson et al., 2005）。由于对古菌的认识有限，以上的分类标准仍有可能更
新。 
单个古菌细胞直径在 0.1 到 15 m 之间，由细胞壁、细胞膜、细胞质和胞内
的遗传物质等细胞结构组成，没有内膜系统，DNA 以单个环状结构存在于细胞
内。一些种类可以通过蛋白质网形成大的细胞团簇，长度可达 200 m，如热球
菌属的嗜热古菌 Thermococcus（Kuwabara et al., 2005）。古菌细胞的形状多样，
包括球形、杆形、螺旋形、叶状或方形等。 






微 菌 （ Methanomicrobium ）、 甲 烷 球 菌 （ Methanococcus ） 和 甲 烷 螺 菌
（Methanospirillum）等一些产甲烷古菌的细胞壁则由同种或多种不同蛋白质组
成（ Kandler and König, 1998）。 
古菌的细胞膜在主要成分和连接方式上与细菌、真核生物均有不同。如，古
菌的膜磷脂成分是 D 型磷酸甘油，而不是细菌和真核生物的 L 型磷酸甘油；疏
水尾的长链烃主要由异戊二烯的重复单位组成，然后与甘油的亲水头通过醚键而
不是酯键连接成甘油二醚或二甘油四醚、脂肪酸等（Valentine, 2007）；其次，古



















类物质中的甘油二烷基甘油四醚脂 GDGTs（Glycerol dialkyl glycerol tetraethers，





图 1-2 泉古菌的细胞膜及脂单层结构示意图：由甘油二烷基甘油四醚脂 GDGTs
与极性的亲水性头部构成。（Schouten et al., 2008） 
Fig. 1-2 Schematic of a cell membrane and lipid monolayer (typical of 
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